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:H�UHSRUW�UREXVW�PLFURIDEULFDWHG�0(06�HOHFWURVWDWLF�

LQFKZRUP�PRWRUV�PRYLQJ�PDFURVFRSLF��REMHFWV��D�PRWRU�LQ�
D� ����[���[���PP� JULSSHU� ZLWK� �PP� GLVSODFHPHQW� DQG�
��P1� IRUFH� OLIWLQJ� D� �J� ZHLJKW�� DQG� DQ� LGHQWLFDO� PRWRU�
PRYLQJ�D����PP� ORQJ����PJ�VKXWWOH�DQ���PP�GLVWDQFH�
KRUL]RQWDOO\�DW�XS�WR��PP�V��7KLV�LV�DQ�RUGHU�RI�PDJQLWXGH�
ODUJHU� WKDQ� SUHYLRXV� HOHFWURVWDWLF� LQFKZRUP� PRWRUV� DQG�
GHPRQVWUDWHV� FRPSHWLWLYHQHVV� ZLWK� SLH]RHOHFWULF� PRWRUV�
IRU�PLOOLPHWHU�VFDOH�DFWXDWLRQ�IRU�PLFURURERWLFV���
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HOHFWURVWDWLF�LQFKZRUP�PRWRU��PLFURURERW��PLFURJULSSHU�
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0LOOLPHWHU�VFDOH�PLFURURERWLFV�PDNHV�XVH�RI�D�YDULHW\�
RI� DFWXDWLRQ� WHFKQRORJLHV�� HOHFWURVWDWLFV�� SLH]RHOHFWULFV��
VKDSH�PHPRU\�DOOR\V��DQG�H[WHUQDO�PDJQHWLF�ILHOGV��DPRQJ�
RWKHUV�� DQG�PLFURURERW� GHVLJQ� LV� FXUUHQWO\� OLPLWHG�E\� WKH�
DELOLW\� WR� LQWHJUDWH� WKHVH� DFWXDWRUV� LQWR� FRPSOHWH� V\VWHPV�
>�@��:KLOH�SLH]RHOHFWULF�DFWXDWRUV�FXUUHQWO\�VSDQ�WKH�ZLGHVW�
UDQJH� RI� SHUIRUPDQFH� FKDUDFWHULVWLFV� >�@� DQG� KDYH� EHHQ�
XVHG� LQ� LPSUHVVLYH� DXWRQRPRXV� PLFURURERWV� >�@��
HOHFWURVWDWLF� LQFKZRUP�PRWRUV� SRWHQWLDOO\� RIIHU� VLPLODUO\�
JRRG� SHUIRUPDQFH� EXW� FDQ� DOVR� EH� PRUH� HDVLO\�
PLFURIDEULFDWHG� DQG�PLQLDWXUL]HG²IRU� H[DPSOH�� D�PRWRU�
FDQ�EH�FUHDWHG�LQ�D�VLQJOH�PDVN�62,�SURFHVV�>�@��

,Q� WKLV� ZRUN�� ZH� UHLQIRUFH� D� SUHYLRXVO\� SXEOLVKHG�
HOHFWURVWDWLF� LQFKZRUP� PRWRU� >�@� WKHQ� XVH� LW� WR� SHUIRUP�
ODUJHU�PLOOLPHWHU�VFDOH�PLFURURERWLF� WDVNV� WKDQ�RULJLQDOO\�
UHSRUWHG��)LUVW��ZH�LQWHJUDWH�WKH�PRWRU�LQWR�D�PLFURJULSSHU�
FDSDEOH�RI�OLIWLQJ�D��J�ZHLJKW��)LJ���D���D��[�LQFUHDVH�IURP�
WKH�RULJLQDO�ZRUN��7KLV�FDQ�DOVR�EH�FRPSDUHG�IDYRUDEO\�WR�
SLH]RHOHFWULF� JULSSHUV� >�@� DQG� WKH� JHQHUDO� OLWHUDWXUH� >�@��
6HFRQG�� ZH� GHPRQVWUDWH� WKH� VDPH� PRWRU� PRYLQJ� ��PP�
�)LJ���E���LOOXVWUDWLQJ�WKH�FDSDFLW\�RI�HOHFWURVWDWLF�LQFKZRUP�
PRWRUV�WR�PRYH�DUELWUDULO\�ORQJ�GLVWDQFHV�>�@��7KLV���PP�
PRYHPHQW�LV�RYHU�DQ�RUGHU�RI�PDJQLWXGH�IXUWKHU�WKDQ�WKDW�
RI�DQ\�RWKHU�HOHFWURVWDWLF�LQFKZRUP�PRWRU�WR�GDWH��

:H� EHOLHYH� WKHVH� UHVXOWV� LOOXVWUDWH� WKDW� HOHFWURVWDWLF�
LQFKZRUP�PRWRUV�VFDOH�WR�VL]HV�DQG�SHUIRUPDQFHV�UHOHYDQW�
WR� ODUJHU�PLFURURERWV�DQG�FDQ�FRPSHWH�ZLWK�SLH]RHOHFWULF�
DFWXDWRUV�WR�GR�VR��
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:H�EHJLQ�ZLWK�WKH�VDPH�HOHFWURVWDWLF�LQFKZRUP�PRWRU�

GHVLJQ�XVHG�LQ�>�@��ZKLFK�LV�DQ�LPSOHPHQWDWLRQ�RI�WKH�PRWRU�
DUFKLWHFWXUH� SURSRVHG� LQ� >�@� DQG� VWXGLHG� LQ� >�@�� )LJ�� ��
UHYLHZV�LWV�EDVLF�RSHUDWLRQ�DQG�VRPH�SDUDPHWHUV�WKDW�PD\�
EH�RI�LQWHUHVW�WR�WKH�UHDGHU��:H�WKHQ�UHLQIRUFH�WKH�PRWRU�WR�
LQWHJUDWH�LW�LQWR�D�JULSSHU�DQG�ZLWK�D�ORQJ�VKXWWOH��
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2XU�ILUVW�PRGLILFDWLRQ�LV�WR�VLJQLILFDQWO\�VWUHQJWKHQ�WKH�
PRWRU�VKXWWOH��,Q�>�@�DQG�>�@��WKH�VKXWWOH�LV�IDEULFDWHG�VROHO\�
IURP� WKH� 62,� GHYLFH� OD\HU� ZLWK� WKH� UHVW� RI� WKH� PRWRU��
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+RZHYHU��ZKHQ�WKH�VKXWWOH�H[WHQGV�EH\RQG�WKH�PRWRU�HGJH�
DV� UHTXLUHG� IRU� PDQ\� DSSOLFDWLRQV�� LW� PD\� EH� VXEMHFW� WR�
VLJQLILFDQW�H[WHUQDO�IRUFHV��7UHDWLQJ�WKH�VKXWWOH�DV�D�VLPSOH�
EHDP�ZLWK�RQH�HQG�IL[HG�DW�WKH�PRWRU�DQG�DQ�H[WHUQDO�IRUFH�
RQ�WKH�HQG�HVWLPDWHV�LWV�PD[LPXP�VWUHVV��
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:LWKRXW� PRGLILFDWLRQ�� RXU� PRWRU�� ZLWK� D� VKXWWOH�

K ���P� WKLFN�� E �PP� ZLGH�� DQG� H[WHQGHG� / ��PP��
ZRXOG� EUHDN�ZLWK� D� ORZ� §��P1� IRUFH� DSSOLHG� DVVXPLQJ�
���*3D�VLOLFRQ� WHQVLOH�VWUHQJWK�� ,QVWHDG��DV�VKRZQ� LQ�)LJ��
�%��ZH�VWUHQJWKHQ�WKH�VKXWWOH�ZLWK�D�����P�WKLFN�VXEVWUDWH�
OD\HU� EHDP�� PDQXIDFWXUHG� LQ� WKH� VDPH� WKURXJK�VXEVWUDWH�
'5,(� HWFK� XVHG� WR� GHILQH� WKH�PRWRU� HGJHV� DQG� VLQJXODWH�
GHYLFHV��WR�ZLWKVWDQG�!�1�DSSOLHG�RXW�RI�SODQH�IRUFH��

6LPXOWDQHRXVO\�� LQ� RUGHU� WR� SUHYHQW� WKH� VKXWWOH� IURP�
PRYLQJ� XS� RXW� RI� SODQH�� ZH� ERQG� D� FRYHU� RQ� WRS� RI� WKH�
PRWRU� XVLQJ� VLOYHU� HSR[\� �VKRZQ� LQ� )LJ�� �D�� ZLWK� WKH�
FRQYHQLHQW�VLGH�HIIHFW�RI�SURWHFWLQJ� WKH�PRWRU� IURP�GXVW��
:H�XVH�HSR[\�DV�VWDQGDUG�FKLS�ERQGHUV�FDQQRW�HDVLO\�KROG�
WKH� SDUWV� JLYHQ� WKH� '5,(� VXEVWUDWH� HWFK� �QRU� DUH� FKLS�
ERQGHUV�VFDODEOH�WR�DUELWUDU\�PLFURURERW�VKDSHV���
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������E�� ��� �8��8&����������������� ���������'���������

�


� ��#� ���� ���$�$�� ���
$SSUR[LPDWHO\�����RI�RXU�GHYLFHV�KDYH�DW� OHDVW�RQH�

SDUWLFOH� ��� WR� ���P�� GHSRVLWHG� RQ� WKH� PRWRU� GXULQJ�
IDEULFDWLRQ� DQG� DVVHPEO\� WKDW� PHFKDQLFDOO\� SUHYHQWV� WKH�
PRWRU�ILQJHUV�IURP�FORVLQJ��7R�LQFUHDVH�\LHOG��ZH�PDNH�DOO�
FRQQHFWLRQV�EHWZHHQ�VSLQHV�VXIILFLHQWO\�FRPSOLDQW�WKDW�WKH�
PRWRU�ZLOO�RSHUDWH�DURXQG�D�VLQJOH�VWXFN�VSLQH��DOEHLW�DW�D�
UHGXFHG�FDSDFLW\�DV�VKRZQ�LQ�)LJ�����:LWK�D�SDUWLFOH�� WKH�
PRWRU�IRUFH�GHFUHDVHV�WR��
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6R� 16� �GHILQHG� LQ� )LJ�� ��� VKRXOG� EH� KLJK� WR� UHWDLQ�

FDSDFLW\��KHUH��16� �����7KLV�UHVLOLHQFH��FRPELQHG�ZLWK�WKH�
PRWRU� FRYHU� WR� UHGXFH� GXVW� LQFLGHQFH�� PD\� DOVR� DLG�
RSHUDWLRQ�LQ�QRQ�FOHDQURRP�HQYLURQPHQWV��
�
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:H� IDEULFDWH� WKHVH� PRWRUV� DQG� GHYLFHV� LQ� WKH� VDPH�

WKUHH�PDVN����������P�62,�SURFHVV�XVHG�LQ�>�@��EXW�DIWHU�
WKH�GHYLFH�EDFNVLGH�VLQJXODWLRQ�HWFK��WKH�PRWRU�FRYHU�FKLS�
LV�ERQGHG�RQ�WRS�ZLWK�HSR[\��)LJ����GHWDLOV�WKH�SURFHVV��
�
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7R�GHPRQVWUDWH�D�SXUHO\�PLFURURERWLF�DSSOLFDWLRQ�DQG�
FRPSDUH�GLUHFWO\�WR�>�@�DQG�>�@��ZH�FRQVWUXFWHG�D�0(06�
JULSSHU�DV�VKRZQ�LQ�)LJ����D���$��PP�ZLGH�VKXWWOH�PRYHV�
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XS� WR��PP�WR�KROG�DQ�REMHFW�DQG� LV� UHWUDFWHG�E\�D�VSULQJ�
ZKHQ�WKH�PRWRU�LV�UHOHDVHG��)LJ����VKRZV�WKH�JULSSHU�OD\RXW�
ZLWK� LQWHJUDWHG� PRWRU�� DQG� )LJ�� �� VKRZV� WKH� JULSSHU�
VXFFHVVIXOO\�OLIWLQJ�DVVRUWHG�REMHFWV�XS�WR����J��
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7R� GHPRQVWUDWH� DUELWUDULO\� ORQJ� GLVSODFHPHQWV�� ZH�

FUHDWHG�D�PRWRU�ZLWK�D����PP�ORQJ�VKXWWOH����PP�VWURNH��
DV� VKRZQ� LQ� )LJ�� ��E��� 7KH� VKXWWOH� LV� SDWWHUQHG� ZLWK� D�
+HLGHOEHUJ�0/$����PDVNOHVV�DOLJQHU�VR�WKDW�WKH�RQO\�OLPLW�
WR� LWV� OHQJWK� LV� WKH�GLDPHWHU�RI� WKH�62,�ZDIHU�XVHG��KHUH��
���PP��� 7KH� LQFKZRUP� PRWRU� KDOYHV� DUH� KHOG� LQ� SODFH�
DURXQG�WKH�VKXWWOH�E\�HSR[LHG�VWDFNHG�WRS�DQG�ERWWRP�FKLSV��
7KH�KDOYHV�PXVW�UHPDLQ�DOLJQHG�WR�HDFK�RWKHU�ZLWKLQ�DERXW�
��P� LQ� RUGHU� IRU� WKH� DQJOHG� GULYLQJ� DUPV� WR� HQJDJH� WKH�
VKXWWOH� FRUUHFWO\�� VR� ZH� IDEULFDWH� WKHP� ZLWK� D� VDFULILFLDO�
VLOLFRQ�MLJ�WR�PDLQWDLQ�SRVLWLRQ�GXULQJ�VWDFN�DVVHPEO\��:H�
VKRZ� WKH� PLFURIDEULFDWHG� FRPSRQHQWV� LQ� )LJ�� ��� WKH�
DVVHPEO\�SURFHVV�LQ�)LJ�����DQG�WHVWLQJ�UHVXOWV�LQ�)LJ������
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:H� OLVW� UHOHYDQW� SDUDPHWHUV� RI� WKH� JULSSHU� DQG� ORQJ�

VKXWWOH� PRWRU� LQ� 7DEOH� �� IRU� FRPSDULVRQ� ZLWK� RWKHU�
DFWXDWRUV��:H� UHFRPPHQG� UHIHUHQFLQJ�7DEOH���RI� >�@� IRU�
LQFKZRUP�PRWRUV��7DEOH���RI�>�@�IRU�SLH]RHOHFWULF�JULSSHUV��
RU�)LJ����RI�>�@�RU�>�@�IRU�JHQHULF�DFWXDWRUV��
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7RWDO�6L]H��PP�� ����[���[���� ���[����[����

0RWRU�6L]H��PP�� ���[�[����� ���[�[�����

7RWDO�0DVV��PJ�� ���� ����

6KXWWOH�0DVV��PJ�� ��� ����

&DSDFLW\��J�� !����� Q�D�
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